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Background: Kane’s Model of SoUd-State 
Quantum Computers 


• SoM slate quantum romputcr; Arrays of phosphorus atoim in bulk SI, 
controlled by electronic |>tes using hyperfine Interactions [1] 

• Problem: Uniform arrays of individual dopant atoms in bulk SI ara 
experi mentally difTIcult ! 
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Solution: Use Encapsulated Atoms as Qubits I 


Electronic Control Gates 



Proposal; Arrays of “encapsutated" 
atoms (with nuclear spin - qubits) 
will be easy to rabricale as compared 
to the arrays of the similar bare atoms 


Example: encapsulated in 


Electmnic charge 
density shows a 
weak tncta-slabtc 
stale of 'H at the 
center of 


Suitable SoUd-statc Qubits Identincd: 

• 'H encapsulated in a fullercne 

• encapsulated in a diatn^nJ 

nanocrystallitc 
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Example: HI Encapsulated In 


Center is meta-stAble site. 


'H strongly prefers to make a 
bond with a carbon atom 



Formation Energy (eVT 

Carbon A 

-1 28 

Carbon B 

-1 54 

Carbon C 

-1 40 

Center 

-0 46 
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Reactivity Control for 'H: C20D20 

9 

'H prefers to make a bond with C atom within ruHcrme. 




— ► Reduce the chemical reactivity 
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sp-'* hybrid will reduce the electron density 
of inner surface. 
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Hydrogenation 
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Hexagon has lower dllfiBion barrier than 





pentagon. 
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» ?v{on-hexagon structure b preferred. 
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As a corKlusion, we exandned 
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Encapsulated in C20D20 


9 Energy changes as moving ’H from the center to the wall of 

9 Symmetry 

Carbon, Bond, and 
Pentagon 


9 Center is the most 
stable site. 


9 No meta-stable site 

9 Diffusion Barrier 
-l.lTeV 
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Charge Density of Encapsulated in C20D20 


Some of Hrdron wove of ’H Is Found out of 
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Model 2 : Doped Diamond Nanocrystallite 

Stepl: Encapsulation in 
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9 Center b the most sUblc site for 

3ip 


• DifTusion barrier to move to a 
wall C atom b about 0 eV 


■ Implantation of ^'P in a fullcrtnes 
has been expciimeman; done I 


Kaapp, C H »L ^ottcular Phynut 95 , 999-1004 ( 1990 ). 
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Fortruiiton Energy (eV) 

(6.6) Bond 

-0 81 

Center 

-0.99 



Steps 2 - 3 : Convert to a Encapsulation in a 
Diamond Nanocrystallite 


doping in Diamond or Silicon 


9 Slep2: grow bucky -onion layers with fuHerenes as seed material 

9 Step3: e-beam imidlatlon of the bucky-onion layers converts the core 
shelb into '*P doped In a diamond nanocrystallitc 


Electron inadiatioii 




Banhart, F. and V Ja van, P.M., Voftire, 3«2. p. 443 (1996) 


9 Enerty diffcrcrKe between ^‘P at substitutional site, and two types of 
Interstitial site of compressed diamond (0, 20, and 50 CPa) and bulk Si 


9 Substitutional site b 
■i more stable than 
interstitial site. 


: 9 Diamond has bluer 

i energy differences 

j than SI. 
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Charge Density of ^^P in Diamond or Silicon 
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^^P in a Diamond Nanocrystallite as a Qubit 
(Comments) 


• At a substitutionai site in a (Uamond nanocrystaUite U more 
stable (by -15 eV> than a ^'P at an interistitlal site - no dllTusion 

9 Spin-orbit interaction on a qubit is 8 times stronger than Kane’s 
model 

9 In principle any host lattice can be chosen to tunc the neighboring 
qubit interactions 

9 Experimentally feasible fabrication path^eay for these solid-state 
qubits (Steps 1-3) exist 
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